Automotive safety components are designed against the initiation of a technically detectable fatigue crack (a ≈ 1mm) occurring in areas with stress concentrations (notch, hole, rivet) in the finite fatigue (FF) and high-cycle fatigue (HCF) regimes under so-called service conditions with variable amplitudes. In notched areas, high stress/strain levels due to extreme use may occur during the car life with a small number of cycles and lead to macroscopic plastic strains. Such loadings can be assigned to the low cycle fatigue (LCF) regime (Figure 1) .
Introduction
Automotive safety components are designed against the initiation of a technically detectable fatigue crack (a ≈ 1mm) occurring in areas with stress concentrations (notch, hole, rivet) in the finite fatigue (FF) and high-cycle fatigue (HCF) regimes under so-called service conditions with variable amplitudes. In notched areas, high stress/strain levels due to extreme use may occur during the car life with a small number of cycles and lead to macroscopic plastic strains. Such loadings can be assigned to the low cycle fatigue (LCF) regime (Figure 1 ) .
Fatigue crack initiation (FCI) life assessments methods 1 dedicated to fatigue life from LCF/FF to HCF exist in the literature [1] [2] [3] . However, although these methods can easily be applied to smooth specimens, the case of notched specimens is more complex. Computing the stress strain history at the notch root is a real difficulty. Moreover, only few experimental data concerning overload interaction are available [4 -7] . The aim of this study is to investigate precisely the effect of loading corresponding to the LCF regime on the HCF behaviour of notched specimens. This consists in a first step towards the proposal of a methodology adapted for fatigue life assessment under variable amplitude loading with overloads.
Fatigue Te sts
Experimental conditions. The material of this work is a ferritic-bainitic steel. The normalized quasi-static tension properties of this steel are: E = 210GPa, R p0.2 /σ D = 1.79, R m /σ D = 2.2 where σ D is the fully reversed tension fatigue strength at 5·10 6 cycles on smooth specimens. In this study a large database of experimental HCF results has been generated with flat notched specimens with Kt =2.5 (Figure 2 ). Such a stress Fatigue tests were performed on ferritic bainitic steel notched specimens (Kt = 2.5) under load controlled constant amplitude loading. These tests show that under constant amplitude tension compression loading, periodical overloads application have a detrimental effect on the fatigue crack initiation strength for fully reversed load ratio (R σ = -1), while they have no influence under pulsating loading (R σ = 0). A finite element analysis shows that in the fully reversed tension (R σ = -1), the stabilized cyclic behaviour at the notch root is an elastic-plastic shakedown while elastic shakedown is obtained under pulsated regime (R σ = 0), so that we can consider that the local cyclic behaviour has an influence on the overload effect. However, the overload application does not imply a remarkable modification of the stress and strain field under the subsequent constant amplitude loading and can not explain such a fatigue strength decrease in fully reversed tension. Two types of test were carried out: constant amplitude loading (1) with and (2) without some periodical overloads as illustrated in Figure 3 . Furthermore, two types of overloads were investigated: tension overloads and compression overloads with two occurrences (1/1000 and 1/10 000 cycles). Their effects on the S-N curves of the notched specimens are investigated under fully reversed axial loading (R σ =-1) , and under repeated pulsating axial loading (R σ = 0).
Fatigue test results. Fatigue test results carried out under fully reversed loading (R σ = -1) show an important fatigue strength decrease when periodical overloads are applied: the higher the overload occurrence, the smaller the fatigue strength. However, compression overloads have a more pronounced effect on the fatigue strength decrease than the tensile one (Figures 4 and 5) .
The occurrence of overload seems to be a significant parameter for overloads in compression (Figures 4 and 7) . Indeed, there is a significant effect of such overloads for 1/10 00 cycles overloads (Figure 4 ) but the effect is small for 1/10 000 cycles ( Figure 7 ).
Fatigue tests carried out under constant amplitude loading with load ratio (R σ = 0), did not show any influence of overloads on the fatigue strength, whatever the overload occurence or the overload sign (Figure 8 ) was.
Experimental results show that the overload effect strongly depends on the main loading type: R σ =-1 loadings are more sensitive to overloads than R σ =0 one. However, to further understand those results which are presented here in nominal stress, local stress-strain analysis is performed.
Stress-Strain Field Calculation in Notched Specimens
Stress-strain fields at the notch root have been computed by finite element analysis (FEA) with the simulation software ZéBuloN, developed by Mines ParisTech, Centre des Matériaux P-M. Fourt, Evry, France. A cyclic plasticity model with an isotropic and two non linear kinematic hardenings has been identified from true stress/true strain hysteresis loops obtained from strain controlled tests carried out on smooth specimens. Model parameters have been identified thanks to the optimizer program integrated in the FEA-software ZéBuloN. This has been done by considering all the true stress-strain hysteresis loops as references and not the hysteresis loops at half life as usually done. The cyclic softening occurring during the first cycles has been modeled through the non linear isotropic hardening part of the model. Figure 9 illustrates a typical comparison between a simulated and an experimental stress-strain hysteresis loop on smooth specimens. This shows the good identification of the cyclic constitutive model. The computed loadings consist of load controlled on notched specimens (Figure 2 ) under constant amplitude loading (10 cycles) and 1 periodical overload applied every 10 cycles. Only 10 cycles between each overloads (instead of 10 000 cycles in real loadings) were considered in the simulations since 10 cycles were enough to stabilize the postoverload notch root cyclic behaviour. The mesh convergence of the nocthed specimen has been checked with elasticplastic FEA. The mesh size near the notch (hole diameter 8m m) is around 50 μm. Since the stress state is uniaxial at the notch root only the axial elasticplastic local stress σ local is reported in Table 1 .
σ local corresponds to the first principal elastic-plastic stress under constant amplitude loading after the overload application, once the cyclic behaviour is stabilized.
Discussion
Cyclic elastic-plastic FEA shows a relation between the cyclic behaviour at the notch root and the overload effect on the fatigue life. When the stabilized cyclic behaviour is an elastic shakedown, the overload does not affect the fatigue life. In parallel of this study, fatigue tests were carried out on notched specimens, with the same geometry, made of cast aluminium alloy. Due to the cyclic strain hardening of this alloy, elastic shakedown is quickly obtained at the notch root what ever the loading case. For this material overloads are found to have no effect on the fatigue life. However, even if these observations show an evident influence of the material cyclic behaviour on the overload effect, it is necessary to fall down to a lower scale than the Representative Element Volume (REV) to propose a relevant explanation of this phenomenon.
According to the authors and to literature, fatigue strength to total rupture of blunt notched specimen is depending on three phenomena: •F rom observations, crack nucleation occurs at the notch root, where the local stress is the highest due to the stress concentration.
•U nder constant amplitude loading, short crack nucleation does not necessarily lead to macroscopic crack. The development of mechanically small non-propagating cracks is allowed by 1. measure the cyclic stress/strain response at the notch root for the two different materials to compare the computed stress state to the experimentally observed one.
2. interrupted SEM test to further understand the role of non-propagating micro-cracks in the overload effect.
Conclusions
Experimental results showed a detrimental influence of the overloads on the fatigue crack initiation life under fully revered axial loading. To explain this overload effect, one can assume the addition of two effects: on one hand a modification of the crack closure due to the overload residual stresses generated by overload, and on the other hand the rapid small crack overcoming of microstructural barriers due to overloads. Next SEM observations will allow to validate, or not, this hypothesis and probably give additional information to explain the non-effect of overload on fatigue crack initiation life for the load ratio R σ = 0. 
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